. (2012). Optimization of colorimetric DET technique for the in situ, two-dimensional measurement of iron(II) distributions in sediment porewaters. Talanta, 88 (N/A), 490-495.
Abstract 16
The recently developed colorimetric diffusive equilibration in thin films (DET) 
Reagents, materials and solutions 92
Ultra-pure deionized water (Milli-Q Element, Millipore) was used for the preparation of all solutions. 93
Bisacrylamide-cross linked hydrogels for the DET technique were prepared as described previously 94 Chem. Supply). DET sediment probe assemblies were purchased from DGT Research Ltd., washed in 102 10% (v/v) HNO 3 (AR Grade, Merck) for 24 h and then rinsed in deionized water prior to assembly as 103 described previously [6] . An iron(II) quality control standard was prepared from a NIST-certified 1000 104 processing software (GIMP v2.6, available free of charge from http://www.gimp.org). Once exposed to 115 the staining gel, the iron(II) within the DET gel reacted with the ferrozine reagent forming a magenta 116 colored complex. To ensure minimal loss in profile fidelity during the staining procedure, it is 117 important that the staining gel is well drained following removal from the ferrozine reagent so that 118 iron(II) reacts with ferrozine within the gel structure, rather than with excess ferrozine reagent present 119 on the surface of the gel. The optimized staining time for this technique was 10 minutes (Section 3.2). 120
The stained gels were scanned in color at 300 dpi resolution, saved as a TIFF file and then processed in 121 GIMP. Processing of the images involved conversion to grayscale so that color variation was 122 eliminated and the grayscale intensity of the image was the only variable being measured. The channel 123 mixer function in GIMP can be used to convert images to grayscale using a red, green or blue color 124 filter, or a combination thereof. The optimization of this step is discussed in Section 3. at the low end of the concentration range (see Table 1 When a red filter is used, the red wavelengths of light, which form a larger proportion of the magenta 206 color than green wavelengths, contribute to the grayscale value so that black is approached over a 207 larger range of color intensities (iron(II) concentrations), effectively increasing the measurement range 208 but decreasing the sensitivity. 209
In order to use Figure 1 to calibrate the technique, a curve needed to be fitted to the data. A logarithmic 211 function fitted the majority of the data well but due to the large range of concentrations, did not provide 212 an accurate fit for the lower concentrations. Therefore, a new approach for calibration was taken, 213 whereby the data was split into two separate calibration curves (Figure 2) . This is a difference of approximately 2%, indicating that both calibration curves accurately predict the 228 iron(II) concentration at the crossover point of the calibration range, and thus that both calibration 229 curves can be used in conjunction to measure a wide range of iron(II) concentrations. 230
231
By processing the calibration curve using a green channel filter, as described by Robertson and co-232 workers [6], the sensitivity of the measurement is increased. If concentrations of iron(II) are <100 mol 233 L -1 (corresponding to grayscale intensity on the red channel image of <24) the image can be 234 reprocessed to grayscale using the green channel filter and the green channel calibration curve applied 235 (Figure 3) . The higher sensitivity of the green channel is evident from the slope of the regression line 236 for the green channel filter calibration, which is more than three-fold higher than the linear calibration 237 curve obtained using the red channel filter. The ability to adjust the sensitivity of the measurement by 238 simply reprocessing the image with a different color channel filter results in a versatile and useful 239 measurement technique that can be adapted to a wide range of concentrations. 240 standard solution was also analysed to investigate the accuracy and reproducibility of the technique 280 (Table 1 ).
The QC recovery is an average from four gels, with the error of the mean representing the standard 283 deviation between gels. The reproducibility, however, represents the mean variation of grayscale 284 intensity within each QC gel analyzed at 1 mm 2 = 1 pixel resolution, which better represents the 285 reproducibility of the technique when deployed in situ and analyzed as a high-resolution, two-286 dimensional technique. Reproducibility was excellent both between and within scanned gels. The QC 287 recoveries indicate that both approaches are capable of accurately measuring iron(II) concentrations. 288
289
The MDL is higher when processing and analyzing the data based on the red channel calibration 290 compared to the green channel calibration, which is to be expected based on the different sensitivities 291 of the two methods. These detection limits are sufficiently low to allow analysis of a wide range of 292 iron(II) concentrations in sediment porewaters, especially considering the representative nature of the 293 DET measurement [1, 4] and the high-resolution, two-dimensional capabilities. The reproducibility is 294 also higher when using the green channel calibration, although both are sufficiently low to ensure 295 precise results. Additionally, since data from the same scanned image can be analysed using both color 296 filter channels, the image or specific parts of the image can be analysed using the calibration most 297 appropriate to the iron(II) concentration range present. 298
299
The interference of the colorimetric measurement of ferrous iron by major inorganic ions has been 300 previously investigated by Stookey [29] . They found that of the major ions tested, only divalent cobalt 301 and monovalent copper caused a minor positive interference; copper present at five times the ferrous 302 iron concentration resulted in a 15% overestimation and cobalt present at eight times the ferrous iron 303 concentration resulted in a 5% overestimation [29] . This minor positive interference will be negligible 304 in sediment porewater where iron concentrations will typically be much higher than most other metal 305 ions. 306
Effect of ionic strength 307
The effect of ionic strength on the colorimetric DET technique was evaluated by analysis of hydrogel 308 discs equilibrated in 100 or 1000 mol L -1 iron(II) standard solutions prepared at 0.01, 0.1 and 0.7 mol 309 L -1 sodium chloride (Table 2) . 310 311 A minor effect of ionic strength is observed, which is more pronounced at 100 mol L -1 iron(II) than at 312 1000 mol L -1 iron(II). The difference between the highest and lowest recoveries is 13% and 6% for 313 the 100 and 1000 mol L -1 iron(II) standards, respectively. This difference is low and so calibrations at 314 individual ionic strengths are unnecessary. However, given the ease-of-use of this technique, 315 calibrations curves could be analyzed in the field alongside samples at matrix-matched ionic strengths 316 for improved accuracy. This would involve the preparation of stable iron(II) standard solutions 317 (prepared in a reducing agent such as hydroxylamine hydrochloride) in which polyacrylamide 318 hydrogels are equilibrated; these could then be removed, stained and analysed alongside retrieved gel 319 probes on-site. The effect of matrix pH on this technique is not a factor requiring optimization due to 320 the acetate buffer used in the analysis and the wide pH working range of the ferrozine reagent (pH 4 -321 9) [29] . 322 323
Sediment deployment of optimized technique 324
To demonstrate the effectiveness of the optimized technique it was used to obtain an iron(II) porewater 325 distribution in a freshwater sediment mesocosm (Figure 4) . 326
327
The results show iron(II) first appearing at 20 mm depth, followed by an increase over the following 328 100 mm of the profile. The concentration reaches a maximum of 720 mol L -1 at a depth of 120 mm, 329 which is above the maximum measurement range of the original ferrozine DET technique but withinthe range of the optimized technique described in this study. This demonstrates the advantage of the 331 optimized technique, as it is able to measure the higher iron(II) concentrations typical of freshwater 332 sediments. The two-dimensional distribution provides a higher degree of representativeness compared 333 to the averaged depth profile, showing the lateral and vertical variation in iron(II) porewater 334 concentration. In this case, the variation is low due to the homogenization of the sediment prior to 335 establishment of the mesocosm. However, in natural sediments colonized by infauna or rooted plants 336 porewater solute concentrations can exhibit a very high degree of lateral variation [6, 24, 26, 30 ] 337 making the use of methods such as the described technique for iron(II), which are able to measure 338 solute distributions in two-dimensions, essential. 339 
